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4 4444 3434 £444 sn§434, 4^1 ^433 343 3434 47] 44^34 ^e]34 4^43 
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£1 

444*1 

S. 1 4 44*§H1 4^E 4l^l^Bfl5] e]^<g i£4 4o]^c o] 2.43] ^£o]4. 
£2fe€r^i 4^-4^31^ ^14^ 44 4°1:£-^ 5L^H 44510] 4. 

51 3A 4^34^) 4444 7>^7]1 <S443 *l7l isais^ (excitation spectrum)^ 44^ ^.efl 

JEo]4 

51 3B 4-^3)1^1 4-^44 444144^ 44^^ (emission spectrum)* 44^ ^31iE 

°14. 

£ 5B 4^42i2] *\m±3- %444 <>mf~4-^14-7r4?)l ^§44^1 44^S^4 444 ^^4. 
£64 4^312^ 44 401,0 c oj 44^0. 4^47] 4^- 4.3= 514A3-, 514* A$, B^4 ##^44 * 

#«Ht ^ 44^* M-bKHj*. C4 D^4 44 iE^im^i^^sfls^-Ei^ 44^* 43-^4. 

£ 7 4 £4^i 4# 4& 4*1*1313 ^4^8 44444 2.^3 e^^ll. 

£ 8 4 £ 74^ 4€r 44 1 ! 1 44£<>14. 

£ 9 £ 7 g E 84^ 4# 44443 2-43 44E<>14. 

E 10 4 £-4443 -g-g-ofl^l £\ ^-S. £ ol4. 

E 11 4 E10i 4^ S3 4*1 3 LED X333 sj^ £ oi4. 

e 12 -&44^3 44 4°l££ 55 rgb3 47fl4 44 4<>l££# °l-8-*M <§ led &4713 

^4e o 14. 

£ 13A^ 43<ii ^ «iaiH 4-^ 44 4°1^£3 4^4^441- 444 ^hs, 25T:°]143 4434. 

2 13B 43 £ ulSoflH 4s 44 40lo.cc] ^Aj^|3ft 444 ^sfli£ S> 60°C, 90%RH«1143 
440] 4. 

£ 14A 43 ^ 4 42^24 ^43(weatiierability)3144a 444 ncfliS, ^4 3 #41 *flft 4E-fr 

344 44\R4. 

e 14B fe- 43419 4 3^Hl23 4-^33^44-S 444 ^2*3, 3^14^3 ^^s. 4444. 

£ 15A fe- 43419 4 3^412«11 4^ 44 4°l££3 434 344133 4514444 ^4451 4^3. ^ 
4 ^2flHo]4. 

£ 15B 434]9 *g «lsH|24| 4^ 4443-<2-£3 444344143 Aj l24 33:43 4t« 444 
ol 4 

£ 16 4 il4| 444 ^4*13 33 43- 465nm4 ^4 LED» ^44 44 4°l^i ^4 €44 4 4fe 
^7fl4 1 fl4l- 444 4-E £4 d 14. 

£ 17 4 44^ ^4^14 31^44 465nm4 ^4 led-S a4ft 44 4°l^ <i ll4 ^44^1 4444 
44A144 nfl«i 44451 444 44-d 451 ^4*14- 
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5L18A^(Y 0 . 6 Gd 0 . 4 ) 3 A1 5 0 12 : CeS. 3EX|3fe 4*H23] iSL^i-Mi^^ 44 i*^* 44 
44. 

£ 18B 44 43 4^ 460nm# 7>4fe 4*H24 tH^*} 5 ! 44^4^* 44\E4. 
£ 18C 4*H2^ 44 4°RH£) 4# 44W. 

£ 19A (Y 0 . 2 Gd 0 . 8 ) 3 Al 5 0 12 : CeS SAjE)^ 4*H5^ S.S.^W]#^%m 44 >^!^4 44 
44 

-£ 19B 44 43 44 450nm4 7>4^ 44°ll54 44^4^ 44^S^* 4444. 
S. 19C ^4^55] 44 4°]4_H^ 44 ^4-^4 44\E4. 

i 20A Y 3 Al s 0 12 : CeSL 5*1 3 4*H6^1 iS^H^W^ 44 44^4. 
£ 20B ^ 44 s)3 44 450nm4 7>>q^ 44^16^1 44^4^ 44^s^* 44^4. 
s. 20C 4*H6sl 44 4 6 1A^ 44 ^4^g* 4444. 

£ 21A Y 3 (Al 0 . 5 Ga 0 . 3 ) 5 0 12 : CeS j£Ajs)fe 4*Hl7^1 llfPlifl^^^ 44 ^H^4 44 
44 

£ 21B 44 ^3 44 450nm-8r 7>*|fe 4*Hl7S) 444:4^1 44^:^4 4444. 

£ 21C 4*1 OI17S1 44 4°]^-Hs1 44 ^4^4 4444. 

£ 22A (Yea Gd 0 . 2 ) 3 Al s 0 12 : CeS 5*]£l^ 4*Hll^ SJ^f-444^4313 44 i^^-fr 44 

44. 

£ 22B CI oa Gd 0 . s ) a Al 5 0 12 : CeS. £4=1^ 4*Hll^ iS^WJill 431^1 44 ^4^4 44 
44 

£ 22C ^ 44 3)3. 44 470nm4 7>4fe 4*Hll4 44^4^ 44^:^4 44^4. 

5. 23 £ 4*Hll^l 44 4°1±hs) 44 ia)H^ 4444. 

* £4^1 ^jl^4^1 tflft ^4 4^ 

100, 200, 501 : 44 4°1^-H. 101, 201, 701 : 524^ 

102, 202, 702 : 44^4 103, 203 : 4°H 

104 : t^7j 105 : 44S 

105a : ^4 105b : e)^4 

106 '■ 4^S)S 204 : 444*1 

205 : 44^4 504 : 44 

505 : 444 ^il 506 : 451^4 

601 : LED 5.471 602 : H^)^ s) S 

603 : 44^41^ 7l<«44 604 : $3: *lH<r4 

610 : 4^3. 703 : ^#7)4 

704, 707 : £4* 705 : 44-f^ 

706 : 44*1 S. 
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£44^* LED 4^f414, <S|44S. 44, &±7], 2:^4 ^44 S 44 44?)144 44 444^ 44 44 
AH<1 ft* 5 AS, #4 44^47} 4444^ 44 44* 4444 444^ iS.^f-4 44^4^1* 4t>14 

4444 4 ^54 444 £44441 ft ft 444. 

44 *M-fiJ=fe, it^AS 444 ^Jjo| 4^ 44^. ^ ojo.^ tilrr^l^oly] nfl£4| ^4 ^ 7 > 

&JI, ^44444 4 4444 444^, ON/OFF ^44 7^44^ ipj^ 7 ^4, O iof| 44^ 4^ oit)^ 

444 ^aj7H f|ASA| %|B] ol-g-5)37 a, a^oflfeajLfla, jLJl#S1 RGB(4 , 4, 44) 4444-S^ 

y} 44 ?1)444, 4* 44 44-2-^4 444 4^444 led 4^*3] 4 7} 4~g-s|7i| 444. 4 led 4^*4 

«>)*=. 21^ 4444 ^ fljL, Tj^Ojl^ ^tgol S^^. 7ME5, 4^ t^cl 44 444 

4444. 

^4^, 4541^ 44 44-SLH«- 4444 flfjAfl^^-^ T^^fe *\5j\ 447>4 4^44:2. 0J4 44 
44iLH4 4444 4444 oj 7 ] 4^4^ 44 4c] o.5L7l- 444 43444 7WHS 4*1:4 R, G, B 37} 

4 44^4* ?3 4444 44444 44*444 ^A7> fl4. 444 ^44 4447U4 

3-f , 44^44 4^4 4^ 44s <a^a 44^ 44* 4444 -r &4^ ^444 444. a, 44^47} 

44 4^ ^g444 flfe tj -f, 7]- 44^44 §.01 44 44^1 444 47>44 4^ 

4*4^71- 4444^ £-4^4 444. 444, 44^47} 4£444rL444 "US-oil, 44^ £5^4 ^4 
;§44l 4^ 447} 4^, 427} 44444 44 44444 A 44--i44l 44 444^ 44 ^H44 *44 
44 s.^ 4444 44^4 44 &4 7>43i 444. ^, 44 44 444 4* 4444^ 4444 
3>ffe 4^444, 4^4i4« *>]-%-^ tHMH ^ 5!i^ 4^b^ S^4. 

4^ 4ft^4°ll 4^4 $#*H*1 4^4s]o1 #^5]^ ^ 
5-152609X ^7i4 7-99345^ =SSl, ^-7flsj 7-176794JL *Ji, 8-7614S. *Jt ^«fl 4. °1 

4 4*1 SZ4. 

•471 ^jtofl 711^14 44 401 o_c^ i rp.^^ sat oflu|^ia-H^ol e 44^4* e|s=^l°d^l 44 

i ^^14 ^ 4i «D44i, 44^4* 444^ =^4#^^ ^±A-s.^s\ 4^ #^4 44 

44^1 4€- 4* 44^71^(44 44) 444^ ^444. 

47l 71144 44 4 0 l^i Sl<H4, 44^4^ ^44 44°1 7V44 44^4* 0 144^, *fl4 44i4« 
a 44* *^44 44711 44 444?1tt ^4^1* 444 =r4i ^41 #h4^-^, *4°fl 44711 44 
4444 ^ $i^r 44 4°1^4 ^144 4 44. 

0/jp.J7X}.sfJ= 7/^4 ^ 

^44, *2fl2] 44 4oi^h.^, ^4^21 44^_ 44 4^4 44714 2L^ ^4^114 714^4444 4^1 4 
4 ^4a4 d l ^4^- ^^7> $i4fe S^l^oi 51^4. ^44, 714^4444^ 54, i41-^ (Cd, Zn)S ^S4 
^ 44 4714^44* °144 =3-f °1 ^4^11- 4^4^ 444^4 <a« 7 > ^*sl7l4 44^714 44 4 
43fe 54 443i, a 471 711 ^4^lAl]a# «144 ^4°lfe 2^44°1 #4*m 4°H 44 444^ 54 444. 
44, 44^44 im^llflH?^ 7>4fe 4^44 ol4«ll4 ^4^14 44^44 4444 ^4(4, 4^M1 4 
4 444^ 44 41447} S44^, S 4^l7> 4^4 4 Slfe ^44 444 44 47>44, a4 44 44 ^44 
4.), afe ^4^14 4444 #4 ^4(4, 4tfl4^ ^44°ll 414444 4444.) 4414 ^44l7> 

#^4^r 44 41444 «44^s ^444 447f ^444. a, 44^7>4 444^4 4 S44 

4444! 44 a}444, ^4^114 447> 4 4«(I44. 

a, 44^44 e441 444 ^44^, 44^44 ^£ 4444 444^(4m#4, 44414 44444 ^ 
4 4444 44 5 4)41 44 s44£ ^#44 4 4<H1 44 444 ^^A 44. 

«J4414 444^, 44414 4^4fe 4^-44 4^44 4441 444 444, 44 4 4 441 4^ 
447} 444 5i 44. 

a, 4^4 44 <g £1-4444, ^ 5444^ 444441 44 44 ^^(electrophoresis)* °J-°4 4^7} 4 
4^- ^44 44. 
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44434 43 431 3443 34 3=34 3 AS, iL4 31?) £S 43 4 4443 43 3 £ 444^ 

44S43 344 3347} =*| aj£ 44431 3Wb3 n s-^oi 
1^4 -Ml M 44 

443 4^-4 3 =.34 4343 44^44 W3« 434 a^^N &34, 

(1) 44^7}^, jifls 443 7 r ^4jL, n 44443 434 443 33 4333 53, 

(2) 343s±r, 444 iflsi 44^43 e3 43 3 «i]4 44^434 q-ife 44 43 ^#33 =3-71 4 
444 343^, 44347} 3* 343 g vfl^ 334 ^6\] ^ afl^^ 343^, 
43 -21 3^3 4^4 3)443 303-4033 44fe 7 H^ 43 ii#^S.S, 44^4-?- ^3^3 

34 4444 444 3433 .&43fe 33 *fl44), 

(3) 44^44 34343 435_ ; 4 34317} 44^7}S433 isijESS^ 7M i. ^ 3 4^ ^ 
M^lAs *444 ^33 Jl43 ^ 4444* 444 t- flfe 

^ °i ^ji^ji <^ 44, 443-a- 44^4. 

4, 4433 4443^r, 4443 4^33 44^44, 34 44^43 3*fl 443 43 4433 * 

'f'ft 43 444 4-g- 44* 7H^ ^•^fe ^^^Mlll- -t44^1°l] $133, 

47] 44^43 44*3 44«"?l|3?-"t»45l3<5L ol^<^xl3Z, 47) ^£4334^3437}, Y, Lu, Sc, La, G 
d 3 SmAS 3434 ^433 434 33£ 443 4^4, Al, Ga ^ IniLS 3^34 nf-33 434 33£ 
443 €i* S44^, 34^s 4444 7}^( g amet)3 £44^ 34 44. 

^71*1, 44#344«-4-£3( < a43 In,GajAli N, 4 0<i, 0<j, 0<k, i+j+k="l")Sfe InGaN, 4* 4£#3 
iH4 GaN* 3*, 337}3 55 3 £444. 

a, 471 ££4334^43^ Y 3 A1 5 O l2 : Ce, Gd 3 In 5 0 12 : Ce» 3*^4, 4714 43 333^ 
4*3 33 i444. 

nels, 4 ^44^1^, ^^4* ^:44fe 44i7>4, 47] 44^4* 344^ 47] 444i7>i <^ 
^ 444 ^-^43 ^41: *^r*H *^r€ 43 444^ 4€- 443 4* 444^ ^4^11- i44^ 3.^4 
« 43 43 ^4^113 4^°1 a. 43 a^JMfe 44^11- Itf^ ^4(o P ai)^14 3»1 3^ 
^J»s 44. 

at, 4 4^3 4443^ ^344 444^ 44^43, 43 44^4°il 343 444 ^343 ^41- * 
^=43 4n"4 43 444^ 4# 443 44 444^ ^4^1* i44^r 3.^^, 43 ^4^3 343 3 
43 43 44^44 434^ #h^4« 434^, 43 ^433 344 433^ 43 #^43 4431- 
S44i?-S3 4-4(opzl)3* 33 3^ 34 44. 

^.^^33 44434 ^3sl >t43 74^4 441:3 44*4^3 s 3434 44^4* 444^ 
ji3ss 4434 4 $14. a, 34 44 4333, 444^ 5flfe 43 5ES4334^^ 43^, 434, 4 
3 ii#334£ 34433 347> 34 34 3433 334 334. 443, 434 443 33 43 14* 4 
°i 4 SU, 44^4^.433 44 4 ^4434 43443 4 334(4344 i44 344 ^-)3 34 < I4£ 
^ 4 $1^3, 3344 3^347} 43 3^ 44431: 3^4 4 5A4. a, 44433 4443^, 444^ 
Slfe 43 ±£4334^3437} 444(SS*)33 3^-3, 31S3 I20nsec4^ 3^3 4^ 444£7> a 
43 4£3£ 444 4 Si 4. 

4433 44 43-2-^33^, 43 SS^-334^437> Y4 Ai4 i44^r 3^4-4434-71-43 34 

3 (yttrium-aluminum-garnet fluorescent material)!- i44fe 33 44343., <^H1 4s> 44433 3^1 

<a 4 $14. 

4433 444333^43 i£4334i343s ° E 343(Re 1 _ r Sm r ) 3 (Al 1 . s Ga s ) 5 0 12 :CeS.a3 
3^r 3431 444 4 (4, 0<K1, 0< S <1, Re^ Y, Gd33 433^ ^434.), 3s-f-4434- 
7>43 3431 344 344 *<S4 444 43* 4* 4 44 
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a, £-4^4 444*H4^r, 4444(4444, 444£4)4 ^S-^^^o] 7 ] $sfl #7l i£^N14 
i^4*ll£ U44(Y lw Gd p Ce q Sm r ) 3 (Al x _ s Ga s ) 5 0 12 £ £Al4±^ ^4403:, 0<p<0.8, 0.003<q<0.2 
, 0.0003<r<0.08, 0<s<l)« 444^ %6\ 4^3)44. 

SL, 44^4 4444i SH4 £J^¥-4M]4^444^, 44 Y4 Al* £4314 01^44^ 4£ a^o] 
4# 2°144, ^flS 4444 0 lS*-°i^]^. 7 >^^ %*t%9 £4f 4£ $14. o]^7]] *Vo_£4, ^4^4 
4 44(4444)°!] 444£4 ££4444^1444 44^4£^* £^*fl4, 44^ 44^!* 44^14 4 
44- 

c]*4 44^4 4444°M4, tf^^l^ 4444* ^44 4££ -M^}7l 4*M, 4-4 i£^4M14^ 
W4fe 44 ^^(Re^ Sm r ) 3 (Al ^ Ga s ) 5 0 12 : Ce(4, 0<r<l, 0<s<l, Refe Y, G<H4 ^tajs^ *H 
£ 44°14-)£ AAls) jl Aj^L £44 4= 2444 Ifsfe 54 443144. 

a, 44^4 4444°11 5444^, 4444* ^44 44 -*7l ££44M14^4*fe ^tiVii y 3 (Al x _ s G 
s ) s 0 12 : Ce£ £43fe ^11^4314, olaVA] Re . 3 Al 5 0 12 : Ce£ £44^ t|2^^* £44 -4£ 5i4. 
4, 0<s<l, Re^ Y, Gd, Lai4 ^gjs]^ 3^ <g^44. 

Si, £4^4 4444°H4^, 4444* £^§47) 41-311 44 iE&f^H^ll^fe, 44 4£«-4444-7 r 
431 *84*H 444 4£44 <y-!f7l- 7|-l-5l ^(gadolinium) 444-2, 4£ 4444 4# *lU4444 *2 

S4*)l» £44£4 4 4£ 514. 

44^4 44444 444, 47] 44^44 44^£^34 4a7> 400nm«M 530nm ^4>ti 
4 4^4^, 44 ££^-4i=)14^444 ^44444 471 44£44 4-M££4 47114^4^4 4 444 
44. °W 44, qqn 4* it^^s 4444 <r 5£4. 

a, 47l 44^44 &44, ^4 44^44 44*4 In* £44^r 444-g4]4£*H# £4*114 4^44:2, 
471 ££^4^14^4^, 4 sf~ 4^4^-71-^4 *g4*H $144 4£f-- < 4?-4 : H--7B!4 ^4*114 Al4 «J 
47 r Ga4 4*fl Ga : Al = 1 : H4 4 : 64 444 4£4 444^, ^eji o] Sf-^nl-^-7>^?fl ^4^1 

5] Y4 °^^-7> Gdi 4«ll Y : Gd = 4 : 1 i4 2 : 3^1 ^4ifl ^14^<H Slfe 4°1 3 44^144. °1 

§711 £^§4 iS^U-114^^44^ i^-E^^r, 44*^-5.4 in-S- £44 444#7fl4£^l» 7l-4fe 44 
4i4^1 444fe 4^1 444 4 444H.S, 443L4(44a#)* #t!1 4 ^ $14. a, 44^7>4 ^444 
^44^ ^444^1 5)4 4^ 44^(color rendering)^ 4^^ «?4°1 ^31, n ^oflA^ pfl-f -f^^- 

4444* ^1^-4 Si 4. 

^4^51 °a^4i 4^ 444^1^, ^ < a44°ll 44 £S^-4 ^14^^44* *4 4?1 44^47> 4^14^, 

rxelJL n <g ^£4(one principal surface)* ^1^4 ^4°1 4^3 O-S B]-A}Jf jcfls gol cfl?* A}^^ £44( 

optical guide P late)4 4«144 4?1 44^47} 44-^14 44 471 i£^M 44^^ 4^114 5144* * 4 44 
4AS 41- 6 ! 47l £44^1 471 <a ^iE4^4 4^4^ 534 44. 

44^^ 4^- ^ eH 4^ 444^1 fe, n ^44*11 4?1 44^47f 4^s)3i, n 4 ^a4i 47l £S4 P 14 
4i^4^7} 44^14 47l °a ^r£44 ^1^14 £4°1 44^^ 4447fls. 44 ^4 44^4^1 £444 4 
H144 471 44^47} 444 44 £444 47] ££4^144^4314 44 s J4^Ell£ 41-4 47l £44 
4 471 <3^£4i4 4^4^ 44 4^^-£ 44. 

5£, 44^4 LED SAl4^]ir, 44^4 444^14 ^^^^^^5. Hfl *\ 4 LED £^1714, 01 led a441- <U 
§14^ £a] dloi^on 44 ^Ai^lfe 44^ £4 4^144. t, 14°ll 4«fl, ^^4 £^l7> 7}^}2, iLb 4£°il 4 
4 4^44 34 Hi ^ ^^4 LED £4444 *fl^4 4 44. 

44^4 -a^Ell^l 4€- 4444^, ^44 5l£4« 7>4fe 44£-al£(mount lead)4, 

47l 44£-sl£^ ^ 4i ¥443., 444 44°! 4*£-^l£ 0 ll 47H^£ ^44 LED ^4, 

44 LED ^4 444 44i 47HA£ ^4-^14 44-sl£4, 

47l LED ^4 44£4 47l ^ ifli 444 T44 ^4^4, 
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33 pRS^Hi] gj^).. #71 6i ^.^ esq. sflig-LED 33 445} 4^-43 333^3: i43i, #7l 5?^ 
33S 33 LED 3* 333fe #H->M* 7>3fe 43 43^3 SEl<H^, 

33 LED 33 l^-lr7ll^-l-l-«ti^^i, 43 5?3337l- Y, Lu, Sc, La, Gd ^ SmiLS °1 ^1 ^f-33 3 
33 3 3^ 343 Al, Ga ^ InJ^S 3 ^3 3 ^f-oH 433 3 3^ 44°1 4^-1 5:4437, ^lf-o.S 

3333 7I-33 333s 3=33 s.^v]^^^r^]M. 5:44^ ^ ^i(>s 44. 

44^0) 44 40]^^^, iS^3M13^3337}, Y4 Al-fr S43fe <>1S#-^-4t5-7B!7II ^4 

3» S43fe 3°1 43334. 

a, 4333 434 c> RH33fe, #71 iS-f^HM^MlS <g43 (R ei . r Sm r ) 3 (Al^ Ga s ) 5 0 12 : Ce 
S S33fe 3 33(3, 0<r<l, 0<s<l, Re^r Y, Gd33 433fe 33^ 3f^l4.)l- 3*3 34. 

JE, ^333 44 4°liLE>Hfe, # 7 j 301^333i33S 0J4AI ( Yl „ p _ q _ r Gd p Ce q Sm r ) 3 (Al x - S Ga s ), 

12 S &33fe (4, 0<p<0.8, 0.003<q<0.2, 0.0003<r<0.08, 0<s<l) 333* 433 45. ^4 

€-^"33 *343i>-^33fe 4333* 33fe 4^AS 5&333 33, 43 HfliHii?^^ 43 Y 
4 Al* i433 ol^oH^ 3s 233 4-t- 2333 3-§-°-S 4333 3^-3^3 ^-71-33 333* i4 
3fe 33 43334. 

44 40I jLH^Mfe 4f7W£ 43 43* 33fe 4^AS 2333 3*H, 33 iSf^H^i 
^MlS, 44 333 CRe w Sm, ) 3 (Al ^ Ga s ) 5 0 12 : CeS £33^(3, 0<r<l, 0<s<l, Re^ Y, Gd33 4 

33fe 33£ <a^34.) -Ms 233 4# 2343 3 Ml* 3-8-3 ^ E $ |4 
4^33 44 43-9-^33^ <&333* 33-fe 33AS 2333 33, 43 iSf-333^3 

MS., <£43 Y 3 (Alj., Ga s ) 5 0 12 : CeS S33fe >|1W4, ^3:3 Re 3 Al 5 0 1Z : CeS £33fe *fl23 
33|« 33-* =r£ $14. °i33, 0<s<l, Refe Y, Gd, La<*H 433fe a^s. ^^014. 

£-1133 44 40i.SLE.0Hfe 4*71-4 s 4333* 33fe 33as 2333 33, 43 ss^-333^3 
Mis, 44 <>]^- a i^]^-y}^n 3333 $133 *)U3 323333 o a^-7i- 7Vi-e]^s. ^*si^ 

01^.01*1 ji, >is ^1*^=01 4= »u^^i4 7!)i2^Ml» ^ $14. 

3=, ^^al^s. ^Mli^ife, ^apa- *^r«flAi #4# ^ $^-4^ 7401, #4# #4 *^*h ^> 
* tf^r «1 «fl #4. i&^M-sfe, ^^(#H^-7ii4 3^-^-711 <t4^1?lfe 7>4^^-* 
?1 fe 7M^ ^ai?i^ ^4 a>^-4^ 74 o] 4^44. 44A-1, 4^ ^% 4°R^°ll^fe, ^ 

*M ^ ^«fl^, -S-71 ^^i7>Sl ^-^ i^EEj 7}Al^ -ollA-1 444^ 4 

OOnmi^ 530nm €^4^-, ^ Jl # 7 1 i£^-nlifl>»ii^^Sl ^^44* ^7l ^^7}Sl ^A^l 

2iL4 £711 £=5j*Hr ^°1 4^-3|^4. 5, ol^Tll 4-5lS^1, ^MHl ^isfl ^ tti44 ^4fe ^iL 

4 444o] P _^ Tgsfriq -f c^i <3i«fl ^4*21 ^-o] ^^4^ 2:451 ^43E. ^i7H 331 ^3*1 fe & 
^4(^^011^7.1514 ^44 ^ 6,]ui^7> 47I 014 A°), ^Ml ¥i 331 ^ ^ i^KI- * 
b1*^ 3«fl ^43 °1 3 s#21as ^ €4. 

£ l ff 4°l^(l00)fe, 4*s-sl5L(i05)3 34-3^.(106)1- 3^4^ ^ 43^s, 4£s- 
3^.(105)3 ^^-(105a) 3°11 ^i7Kl02)7l- €33^1, ^^(105a)3°fl ^^^(102)* 43s.^ ^33 S£ 
^33^i^Ml# a^^3(i0i)7f ^3 1-^33 ?-334. 333, 3^7}(102)3 n43 

3 3 p^-33^ 33 3^-3^(105)3 33-3s-(i06)< i )l 333(103)4 ¥3 =§^34. 

333 A°] -7-33 ^ 4°l-$-H3 333 fe, ^3-i7>(LED 3)(102)3 33 ^33 3(33, LED333 3) 
3 °43-7>, S3 ^3 (101)3 433 isfl 3 3^3331- 3333 led33 4^ 333 33* 33 3 3 as 
3, iS^-3 33^3 337} 433-fe 333, ss^333^3333 °133 33a. c 'l »33fe LED33 *33 
3 #334. =1 33, 33 43^-H(ioo)fe 43^(102)71- 433 3 fe LED43fe 333 4^ 3£ #334. 

a, £ 23 £33 3^: 3 4°il 33 43-^s, ah1(204)3 33^3(led3)(202)7> 333^, 33 
iL33 ^33 i-M^333i3331-it3ia337l-*33^-S3 333(201)7} 3333 3334. 333, 
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444i4(202fe i«l"*l Ag« 44*14 ^#4^4 ^sfl S^^jL, -sW 44^4(202)31 n4444 P 44 
44 44 4*1(204H 444 44^#(205H £44 4°H(203)« ^ ^444. 

444 4°i 444 ^4*3 44 44 isofl $X°]*\, £1^1 44 4°1Aa4 i£4444 

^4317} 4 A 34^ ^44, ^^44 4^44011 ^44 #3. 444 LED4°1 -S^sH #^3^, ^ 44 
44 4*l££(200fe 44^4402)7]- ig-Jflfl^ LED44fe 44*1 4€- 4^ 1444. 

444 SE4*H4^44# 4«14 44 4°U^ 444 ^* 444. 

1. #4, 44i4(LEDH4 4#5^ 4£ 4r4^H 4^4 ^44fe 444 * sfl ft^rf. 4#4 4 

4^H1 ^4 44^1 ^01 5] 4^ 0} ^ sfl^^. 7M31) ol^J, S& 44AS 5-^4711 4#=14^ *4 

4. ^14, 44* 4*14 44 4*li>-£b, ^44<>ll ^ 44£4s4^ 44 444^14 44 4#4^s, 
44A4 44 2fl44 ^44^ H 5444 44 4*4 -4 SI4. 

2. 44^4(LED)S.4^ rJXflAj 3 ] rjs 71.^43! sflc ^EHjJS^g- 7>4 SS . ^Afl^ol if 

4. *l53£, h1s3 ^ ^^1 4^ s>i, 44as4 444 SH4fe 4 € 4^*1 €4 41* 

*<H, 44 444 ^4<^ i^H^^H 53*1 44444. 

*14°11 ^^4fe 44 1 83]1, 2^1 44 4°l^^r, £1 £2<>l] £44 7 >4^ 44 4*l££°ll XH 

4, ?H^6)fil ^m^l4 ^4 ^4#3l44-§-4£4«- 444 44^44, 4^ ^£^-444^4 
31 » 243: 534 *H As 44. 444, ilii 444 4 4^, 444 44^1 tfl4 44J:44 ^44 q 
444 44^ 43t4 444 

03440.5. ^4*H $144^, 4444 44 *4-44 4444 4* 4*4^ ^4^14 444^1 4^ #=r*i) 
444^1 4#4fe ^43l°ll 44i-t-°l £4 4 d l^i^ife 444^ ^^^1 £ 

4«1 4^4 444#^4£3l£4i4(*4i4)»444fe 4^*1-4. a, £4±4* °l-«-4^ 

4°] 4t^44. 

01^4 444#^14i31£4i44 ^4^14 4-§-47li 3^4 ^14^^431^, 

1. 44^4(102, 202)i 53 -£*ls)<H, Efl44^1 4 30«H14 40«fli 44fe 44 4°1] ii#sl4 35.3., 44 
4£3 4 4^14 44 4- 4^ 444*1 ^4 4. 

2. 44^4(102, 202H1 s\n <^7l£|£4, 44^4^1 44AS. tf^AS 444^ 53. ^-4, €4^- °144 
%jf. _ 43.1401 o>^ ^47^1 44 as si-ir^AS. 444^ ^. 

3. 3431 44 *4£M «j^°l 3 £4, 44^H1^1 ^431 44 444 4 4fe 53. 

4. 44^4(102, 202)i ^l^M, «04 4444 ^1^1 44°fl ^14 ^£44^1 ^44 4ap_s, £ 
£44 °1 4x4 4- 

5. ^il- ^4^1 3£fe 4^ 4^-^14 *4 y l# 44^1 ^4^1 as £4*14 4 Sftfe 53. 

6. 44 4 d lAH.3 444^^1 4^ 4^°1 4^ 53. 
4^1 44*1 A444. 

4*1^^11 

£44^1 4#4*l^^l^l 44 4 d lA-^, 44#°11 3L^4^1H!l = ^-i: 44 jl, ^^^1 7^44 44 
4431 441:4^4^44, 4431 44°1 4^4 i£^144^444 4#AS 4444 7>431iS4^144 

4^1« 2444 53*14. °H 44, ^44^^(11^ 44 4°lAS-4 3-1°]^^, 44 4i4d02, 202)s4^^ 
^431 444, ^ ^14 °}7l4 iS4'144^44s4^si 4431 44444 ^^4 ^^31 44 
*1 7>4444. 

a, £4*Wi^l 44 4*lAH.oii 44^ 4f±s 4444 7>43l5ES44^14^^44^ ^144 ^ *fl^ 
4 7>4hs, 44A4402, 202)s43 4*4 7>4 44^^ 31^1=14 44 4*14 a. e4°114 n#l£S sa>4 ^ 
-foils 444^1 4444 44H£^ 447V 44 ^ 4444 444 4 44. 

*14, ^^l^^i^l 4# 44 4°lA5L<5i 4 4443H tfl«(l 44*1 4^44. 
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£4*1^3)14 tW.fi.iE4l iS^tilAli^^l^, aV£^l H^f^H ^3 7>A]^ 444 

i 4«11 4714^-, °l7l4 44 4t 44* 7Mfe 4* 444^ S£44M14^4*IH4. 4^1 4-^-3.^ ££4 
^H^H^fe, Y, Lu, Sc, La, Gd £ Sm44 #44 444 €^4, Al, Ga ^ In44 4^4 44£ 4 

44 £44^1, 4444 7Bl7i|ig4*H4. 44^«H4^, S^S-, Y4 Al4 £44-^ AjfAS 

4444 0 lS#-^P]-H-7>^7il ^4^1, 5^ 4£4 (Re w Sm r ) 3 (Al a _ s Ga s ) , 0 1Z : Ce 03:, 0<r<l, 0<s< 

1, Re^r Y, Gd«114 4^4^ <S*)5L ^^11- Ol-g-§}^ 4^-3)^4. 44£fr7ll4 : t#451 

all* 444 44^4-71- 444^ LED44, iL^^e|-(body color)7> 4^4 ^S^H^W^l- 444fe $ 
444 Ji^TlHl LED44 ^ 444 £^*H 44 4*H4A5L ^431 44 4514 4 $14. 

444^H 444, *] iE^-TJim-a^^fe, 444 44 2^<M(101), S^Jf(201)« IWfe 
44(4^1 44^ 4#4H Wfl4 444 -r 444*7)144^44 4444°H 44444 44 44 

3} :£444, ^4(105) 3=fe Afl a] (204) -3-444 44 44 44^4 45:# bAaA^ 

S«HflA-l 444 = ^6j S ^^^-^ 014. 

-8-71 iE4444^444 44 £r£*r 4444 444°ll5- ^44 $4. ^11:44, iE£4444i*§4*ll7l- 
444. 34^4 4^47}|4 S44°ll4 44^4" ££4444^4314 4£4£«- 44 ^44:4 ^1 

44^44 l-6l.fi.ir 44 44 444 4 H^l 4^ 4 4 5| o| t 31 ^ ^^-S. ttJ-^-g- 4 44. ^ = 

44^4*111-, 44^4444 #H44 §31 £44-2-^ 4£4^7> 444^4 «. ? Al7m, 444^^44 

51 4*4 <$tfr& 44H44 4-4^4:S.444 t*!, 2a> 4-£ ¥^1 <8fr& Ji4 44 44 4 $14 aE^im-g 
^§4^14 14* 4 $14. 444 £S44^4^*§4314 4i4 ^£44^14^ 431* 444fe 4 4 

« & V ^ 4°U^ ^ ¥* i^SflA-1 ^-SAj-EflS. ^ 

^Al^ Ell 131 SS^Ml^^^-^lfe, i£#£*K102, 202)4 ^4714 4711 Bfl^lsli, 2A> 7j-£( Ee ) 3W-c 
" 2 ^1^" lOW-cm" 2 ol46flA]£ 7}^14. ^-H, °1 ^^l* Al~g-ig-.o 3.4 

7>4^ t# ^ $14. 

a, -€^1^^121 S£^14^^^^1fe 71-^^-i* i, % 53 ^a-ofl 7^4^ ; £3Ai44 ^<si 

^ e^31 s\3.m 450nra ^^.S. f: ^ §M. a, ^"^ £3B°flAl4 £6] 580nm 700nm4^1 

^ #<H^fe iSHf it^- i^jH^* 7>^14. a, ^Ai^Bfli4 i £ ^.pi^Ai ; i^^i^ i 74 73 Gdl-frfrfl- 
460nm 44^^ ^ 4 ^^t^-jL^* fe-^ ^ SI4. Gd 44^4 ^7>S 4^11, ^ v ^- 3la 4 ; *°1 

44^3- ol¥4s, ^^14 Hr^-^s 43B v ^s a] he si4 ^, #^^£114 44 AJ 1 0 1 fl^t ^-f-, Gd°ll 4 
4 4444 ^si-b 4^s. 4^4 4 $14. Gd7> ^7RM1 44, ^^4^1 44 ££44^11^4^4 **fl£fe 

7)44fe $14. 

^«1, 71-4 7Hfe YAG4 ^^-^14 s^§, A14 -a^l- Gas 4ft^^l H:44^ 0 1 44^as a1 
=S44. a, 2:4 * Y4 H^f* Gds. 4ft^s«l "&^^°} aiss44. 

ili 44^! (Y x _ a Gd a ) 3 (Al!_ b Ga b ) 5 0 12 : CeS j£Al4^ YAG?11 ^4^114 ^444* 44^ 

4. 



No. 


Gd4^T i t 

a(4 4) 


b(4 4) 


cie 4a 


4-£ 
Y 


3L^ 


X 


y 


® 


0.0 


0.0 


0.41 


0.56 


100 


100 


(2) 


0.0 


0.4 


0.32 


0.56 


61 


63 


© | 0.0 | 0.5 | 0.29 | 0.54 | 55 | 67 


© 


0.2 


0.0 


0.45 


0.53 


102 


108 


© 


0.4 | 0.0 


0.47 


0.52 


102 


113 


| © | 0.6 | 0.0 


0.49 J 0.51 | 97 ! 113 J 
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© 


0.8 


I 0.0 


40.50 


| 0.50 


72 


86 



j£lofl 44^ 4 JHJ^, 460nmSl *m%<LS. ^7]*]% 4^*4. SE, il^l 3£4 JL** 7flS# 100A 
s. 44 ^ n ^-ifl^s. 4444. 



Al* GaS Jl#4 ^ 44* jL3|3H Ga : Al = 1 : H4 4 : 6 44 ^ wl#s 53 

4 44^144. 4*4*1 3., GdS. *144 ; & 3-f4|fe. Y : Gd = 9 : 1 <114 1 : 9 44^ 44 4^ 

3W 4^451, 4 : 1 i4 2 : 3 2} ^fls. 444fe 34 ^4 Gd5] 4444 24 44<S 3-f 41^ 

4^444 44^ 4^4£-4 #4*4 ^4^1, Gd^ iq^ol 64 444 34 4^44£ ^1 4 444, H 
£7} ^4 44€4. ^i^H t*W YAGTl] ^ Y4 Gd4 444 Y : Gd = 4 : 1 

i*l 2 : 34 €44<>-S*|, lff^ 4S#-4444^Bl?ll ^431* 44^4 4*11 44^4 (black body r 

adiation locusH 4 = fe 444 7^^ t# rfo) zf.^ + 014 ^ Y AG4l ^4^1 ^ Y4 Gd4 

«144 Y : Gd = 2 : 3 - 1 : 44 ^$3. 4444, ?|£fe 4^4 ^<»1 7>^ ^ tHiLH* 

44. Ce4 tlf^tfjf 0.003-0.221 ^4-3- 44 44-^.4 4tll444£S 70% 44-55-5- 

4 4 544. 4444 0.003 444. Ce<i 44 i£^4114i4 4444^44 ^7}- 4^44 4£7> 

443^, Bjrtfls 0.2±L4 444 *£ ^(density quenching) 4 *344. 

o]^-4 go] ^ o] AlSj GaS 7|ftfAS^ 44444 444 AS 4=J=44 =^ ^i, £ Y4 

<a4« Gds. 444fe 44444 444asl 4HS44 ^ ^4. o]^ 7] ] ^44 £4444 44-^4 £4 

4AS. a 44 ^ 44. 444 254nm, SeSnm-?] Hg fl4(emission lines)°l)4fe 4^ 4444 <gc>} 450nm 
w. e o] ^-±.45.Y-44 LED4i jq^: ^7|JL^^] ^4- 44°! Gd^ 2i>§bH 2l«fl 

l£ ^Rr ^ 441-4£^M4i4^ ^^^1 ^4* «W1 ^ v 4as. ^4^1?|7l °14^?1 ^^14^ 
S14. 

a, WHtt, 44^#^4£^11- °144 ^-4^44, ^1#as. #^44 6 l^-l-S^14-7>^ ^4^11( 
YAG)^11 ^S44i'?l 44#(Sm)-i- 44^14 SS4^^14i^4^-l- £t*«i^, 44 4°1-^h^ ^ 
*ci 44^1S4SI4. 

613$: iS4 p 1^14i^4^fe, Y, Gd, Ce, Sm, Al S Ga^l 44#, £^ a.4i^i 44#°1 3 

^ 44#4 444^, a|.fl|-^.Bis ^4*0^ ^€a* ^144^, ^144 *4 

i(flux)S>i 1-442-^- f-^ 1-41-4 ^4^4«fl^ 1350-1450°C 4£^^i^1 2-5^4 

±^n*\ 44, i^ff ^i^i l-4(ball mill)«fl^ 4^, 4b], Si, 4^l4As ^s. ^4 

4 4 $14. 

444 ^144^1 444 44€^^, Y, Gd, Ce, Sm2] ^s.^- %±ir 444^)^1 44 4i 4«fl^?l 4«ll^ 

4 44°114 i-^Sfl^ ^^441-(oxide of the coprecipitate)4, 444^-^14, 44444 4 

4«i41 4144 4£ 514. 

CYi-p^, Gd p Ce q Sm r ) 3 Al 5 0 12 51 JL4=lfe iS^ c 4H4i^4^1fe, ^)°H Gd# 444°H 

44 ^1 460nm o]4^1 444^1^^ ^7l^a-|;# ^4 4 44. AWA^^\ 4444 *7>a14a-i ^ s, 

3. 444 530nmi^ 570nm4^1 444^-S. ol^l^JIL, *^44£ 4444^3. a1hea|| ^ 5J4. ^- 

ziiEim ^^01 ^-f, Gd^l ^1444 ^2]^ 3. As iH4 4 44. 44, Gd7> ^7HH1 44, ^^4°11 
^14 ^£4^1 t-114^21 ^ x\ x\ s] ^^4. 444, p^ 0.8 °144 44^4^-, 0.7 444 fi.4 44^! 
44. t-1 44^1 4^1^ 0.6 4444. 

^4^1 (Y lw Gd p Ce q Sm r ) 3 Al 5 0,,£I^ Sm4 i44^ 5LS^4 ^fe, Gd^l *> 

444 ^7M^s ^514421 441- 4 44. 4, Sm* 444^i 44 ^£414^ S£44M14^^ 4 
^21 44fl£2i ^7} 711^^4. n. 711^5)^ Gd 4444 44^44 ?144. 4*1, Gd 444 

4 f^H^Al ^.o. 7] s. a.ol^ o. ^^]^ ( ^-£S.^ol 4BDHS.S, s 

m4 444^4 ^£444 7l|44fe 5J4 44. 4^14 44^ £-£4444, 450nm ^^4^ ^14 44(25tH 
4^1 44 44^5^] tflfb, ^-a ^4^|si 3i£(200t:)<fl4^ 44?l£2i -*tfl5)(%)* 444. 

Sm2l t-B-^ r £ 0.0003<r<0.08 ^^4 44 44^4^ 4^°H 4^444 60% 44AS 4 4 44. 
4 4^1 iL4 r4 4^-4, ££44 7fl^s:47l- #4W a, 4 ^ Ji4 r4 ?144 ££444 4tfls 4444. 
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£, Sm3 444 r4 0.0007<r<0.02 ^"Jl 33 4 4434:-l, a]%6\] ^ A £ m^^- 80% o]^-o_S 4 ^ $1 
4. 

Ce3 444 Q^r 0.003<q<0.2 333 33 4434^-, ^3 3«fl ^tfltfflSf 70% 34-°^ * 4 $14- 
333, 334435L4, q="0".033 ^4313 ^ fl£f 1003 3 H 5 _ g-g. ^fl^s. ^4 

Ce3 444 q7> 0.003 343 343^, Ce3 fil^SEfiilifl^ 334444J3 47"h 4^43 3^3 
£7> 43^ 0.2iL4 4i4i43 ^34. ^7lA), £434, <§^13 *]£# i^l 

333 47>33 7>3 3^- 334343 444^7} 343tt ^fttj.. 

44433 44 CM -SLE.CH A] fe, Al, Ga, Y 3 Gd4 Sm3 4443 t^g- 244 343 (Y x . p . q . r Gd p Ce q Sm 

3 Al s 0 12 n^m^^t -S433 444 4-£ 514. 33 44, 343 33 RGB 44344 fel 4 
$IJI, 333 31-1:3 44 13« 3433 #44 3 ^£3 43 (full-color liquid crystal display device)4A3. 
°1 -friths $14. 

(44^4(102, 202)) 

44^4^ £1 £ £2334 #^Jf 7H1 343^ 33 44344. 44433 44 43-2-^3 3-g-3fe 

44^Rr, /llf-AS 4344 7V333434 It^S 3333 ^ 5^ ;gS]-£fl-34444£334. 

f-344#4£3l- 344 44 £4(102, 202)^, MOCVD^ 44 3433 33 33 inGaN §-3 344434 
£.*!)« 444A3. ^§333 3444. 44^43 ^-as^, mis^4, pin 34, hl^ pn 34 44 7}^ i£f 
3&, sMs.^ iE^r 3 -141 31^4^4 * ^ $14. 4£343 3 -§4 3 4^ £3 44 44 44* 337>3 43 

4 4 SI 4. 2, 3£3 4344 44^47} 34 33 £s ^§44 41 4441-4^4 4^444#4^5L 4 
^£ $14. 4*1, ^44333^-, ^±43 inGaN^ 4144444SS ^£-¥-334^ 
443 1471- an, ^4 444fe 44 344 4 $14. 

4444344«-4£3» 444 4£3l 7l^As.fe 4433, sic, Si, ZnO 43 ^st 444 
4 $134, 133 #4 34444 ^44471 flajAlfe ^v^o] 6\ 7 \ ^ a}^}^ %*] 4^44 °1 44°M7l 
4 4i GaN, AlN ^ tftf^-i: -f*H PN 344 ^ A 34.£4 44S«-4i*H*4 ^^44. ^44431 4s.^Tr, 
«-^#4 £H47l ^4 4^i^i N^ 44^4 4^14, 44^44 44^1^ 4 44fe ^(?flel<H* 

£ 4)4 7>4^ N^444f-4S^I1* ^^47l #n*\lr m £4SS.Ai Si, Ge, Se, Te, C 44 ^4*1 ££§}r 
^ol 4^3*1.4. *t4, p^€44#4£.^ll- ^^4^r ^4°fl^r, E.4^4 Zn, Mg, Be, Ca, Sr, Ba 44 £H 

1t4. a, ; S44f-^44#4^1fe, p^ E^it JE^Hr ^ 4a^ p^447l ^^42-^, P ^ 
<H1 s(furnace)i 34 7>1, ^4444 ^44 44^4 2:4 4i 3*0 P ^ 4-^1 71 ^ ^5^1 44^144. i^ 1 4°ll 
S N^ ^44fl-4£^l2l £44 ^WHl 4, 4 451^14 4°H i^^^^ 4^44^ ^4 °14*I1 
4 44^ ^43 4 444 ^44. 

44— s., 4714 4^1 ^44 45^1 4144 44, 4 0 l- A J^(dicing saw)«fl e\n ^3 4 44fe 4^, 44 
4 444iL4 ^4 44 7>4^ 44 £4 7>a 4(4= ^)i 3^ as 4^^1 z/flfe 4^, Sfe 443 

401 o>-e_h 4^oi ^aj^s^i, ^3401^011 $]$\ n<>)3]°]} pfl 4 71-^44 i34 0 lw.4oi ( ^^)^. 

i*!-^ 444J2-4AS ^ 4, 34 41 d M« 4^ ^ 44 °14^7l 4^1 41ol3» ^^e)1s ^Jft 
4. °lf 711 *fl4 1444^144#4£^ls ^^^i 44^7>i ^^^^ $14. 

444^^13 44 4°l-$--iAl «!47im 44471^ ^4^1^r, is^lifl 4^^4^1143 a^4t114 433 

14 44 3X4^114 44^>3 4^ 400nm 34 530nm 34^. 4^4^ S3 4434^-, 420nm 34 4 

90nm 34s 4^4fe 33 s4 44344. 44^44 is^3tll4^^4^143 a44 44Ji4 44333 
3313^, 450nm 34 475nm 34^ 4^4^r 33 34 44344 4 3 IN 13 4€- «133 44 43AS.3 
44 ^3^^3 1^14 £43 i344. 33<^1 i44 44 43-2-H.^ 5113 £34 3^.4^^, 4 
3313 444:3-3 i£if-3 ^113^^43* 344 334. 333, s.433 450nm4^3 3^1r 7W^ 443 
44^3^-433 443 ^, 570nm4^3 33« 7>3fe 443 44^43 3*11 334 ss^334^3 44 
34. 

a, £13 444 ^434 33 44 465nm3 34 LED(44i4)l- ^44 333 44 43AE.33 33^- 
4 $i^r 334^31- £163 4444. 3 344 44 43^3 4434, 33 led 333 3^34 343 3 
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43 4£34 3443 <^^7H 334H-3-, ^4 ©-©3 ^44lA>-g-*il4 3££4 4443 4334 

343 3(£i634 3^4 ^4)4 24 334 t 44. 51174 434 44 43^3 4434 

* 33 ^XBO] Bj^S ^0]4, ^ 7 ]A^ 4444, i3*§43 Af-g-^ ^ <* tfl 4 ^4 3] |ES 

4444. 511733 4 4 45-3, 3433 44 ^34 ^434 4433 e34^, #34 33 led3 e344 

444333^, ^431" 3333^ 44 444^ 44i3"4, ^4*fl» ^ ^1 ^1 ^1 ^1 44 44^41 43 A} 

44 4£ 44. 4313-<^r, 343* 3334 =r 5fe 441-344145134 44^44, 343«- 443^ 
2. 33333 4443 44 4, 44 443TT 3^, S# 3^ ?1, £fe 34 4434 4 44 44^3-» 

4*11 3 344. 343 44, ^7lAi?ixi 44^4^-43 4^34^ 44, 3433 4433 #31 3 

4s 4444. 444, 433 44 444 44 43-2-^s 4^ 4 3.4. 

34, £1 4 5123 44 43^514 4^ ^ilil 44 4344. 
(£.43 fi)-ol^(i03, 203)) 

5143 433403, 203)5.^, 444^4(102, 202)^ 4q-4<5] 3^.4 47145E.4 g 44513 

3 #4 43 -&444. 345i;£3.fe 0.01cal/(s)(crf)CC/cm)343 4434:n, 514 44343^r 0.5cal/(s)(cnf)( 
°C/cm) 3434. 21, 4334 51344 5143 4333 334 34 45/m 344 443144. 43, 344 

7> 444 s344 1-51431- 44 4H Af^-^4ji 44451, ^1- f§%% 7 } #343 4# 4354 
7^3 43s 34 3433^r ^4^ 4334 4433 ^4. nj-SM, ^44 4334 33^ 25/^m 343 
-S-4 4434^-, 4443 4 433 4433 35/m 344 44^144. £44 4°H^ ^h], 
44^1 ^4 ^ ^4 ^ =l^$ # -f- $14. °1^4 ^fl4, I^AS <^1^4 £4^ 4°1 C H1- d 14 
4^s«l, 4 d 1^4^4^1 <: >ll ^sfl 4 44^43 444, 4M-elH * ^s.^i ^ 5!l4. 

(4£S-^H(105)) 

4^rS-5l^(105)fe-, ^^(105a)4 5lH^(105b)S <^1^4^, ^^(105a)i 4°1^4^1S. §4^X102)1- 
^3]*7loil 3714 44 se, 4^4 44^4* ^ Mli 4^14^, 4^s-4hi- 44^a>2] -^f^o.^ 
6 144^ ^-fife, 41- 4^- Afls.* A>-g-§Hr ^^-7]- 4^s.s., 44i ^§-4 344£^ ^ €r^4°H ^4^ ^ 
44 °1 A^4. £, 44H-51H 4^ ^ ^<H1 44^a}» Bfls]-t4 -f^H ^ ^44^ 

fe, ^44^^^ ^ijj-aj (isotropic) as 4*^44^1 ^i, 34 44^ 44AS *4^hs., n 
^144 4^ 44 4 6 l-2-Hs4^3 4°)1 34 34 ^-^4 444 <r Sl4. <^7lAi ; ^^^4, e ^ tifl^]4 4 
& 44 4^^-Hi ?m-er 444i 9X$= 4^^ 444 444. 

4 £L^1 4AS.^, £44 4°H4«I1 4^4 4^4 4^^4, 401^401 ^ m ^ 

44. 44-3H3 514^ 4°1°143 ^4443 444*^^*14 1.6S °14 10s °14s 4^4^ ^3°1 
44444. 

^m-^sfe 44^ ^4°1 3^4 ^#4 «144 4 i g^7>^ ^4 c >14«(14 ^44 4 44. 44 -^s.* 

4^8^ ^44 4, 4444i4 44«fl^, 44^r 443 4^4 44^1-t ^4^4 4 4^ il4. 

31, 44-51^, £4^ 4°H4 4 , 34°H ^43 4 4a14£44 #4 #°] ^44. 4^la]4 4^1 
a]4jis^ 300iiQ-cm 444 43 44^143., ±L4 44^144^ 3pQ-cm 3 434. 3# ^44 4^4^ ^flS-S. 
4, 4, 43, 44 43, ^44 <34 43 4 43, 4, 44 5^4 4434, 4, 43 44 t- 4 44. 

(34^(101)) 

ia^4d0i)fe, 1:^44(104)4^ 4is 44^-3^3 433^r 443^10^-^ 44^4 

444 4433^ i£4344^^4^7> 444 434. ^43 4^13 ^st, 0)1^1^4 43443, 4 
3^ 44 44 3433 334 43434 43 43 3444. sl, as^344^444 43 4434 443 

4 4i 44. 4334 443 ^fe, 34444, 4444, 444434, 444^ 44 33 44344 
343, 343« ^33^as ^34 34, s^4S 444 4£ 44. 3 34, 4431- ^3434 34343 
711441: 434^ *3 S3a> 7}^4 44 43^s 44 4 S14. 

(#H43d04)) 
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#^44404)^, 44^4(102), 5-44 444(103), 444 a^Jf(ioi) ¥4 44 

S44 JiJiSHr 71^-4 7>44. 444S4H4^r #^4-4(104)4 444«- c| 4444^ 44 4434a, 4 
44 44^4(102)3.444 444* 4444 ^ ^ 444^ f?HS =r 514. a, #3^-4(104)^, 4 
4 44^4 $144, 't^&WM^ 44^ ^4444 3H344£: 7l*~fr 7}44. 444, #^ 44(1 
04)fe f-4 444^14, i^€sl*«s, i+d>7Mfe ^4 444.44 £ 4 44^8444 44 2tt 
fiAs ^444. a, 1-^44(104)^, 44 4# 4^ 3*4 fas 4 45- $14. ¥^44Q04)4 44 
4 issfe, ^s. 444 ^4, ^o>^xi, ^e)s ^4 ^4 ^ 4^441 4^44 44 4444 

. a, 4443^ 44444, 4444, 444444, 4444: 4* 444 ^ $14. 444, 44 
44 t3i-a-<^ 4^44 44 ^£4444^441- 44445 44. 4, 444^44^, iS4444:i i §44l- 

a^44 4444 =r£ Sla, #h-»M 44 4444 45 $14. 4-444 ££4444^44-1- 444^A 
£4, 4444 4 3711 4 ^ $14. a, a^44 #-44 s.^} 4444 45 $14. a, a^44 5EE4444i 
444 444 44s 4a, #-444 a444 4# 444 441- 4444 ^44 45 44^424 44 4 
4A-4 a}44^ 44 444 4^44 444 44. 44^42^, 4*4 44 44 a 

E^-444^443 3-%*] 4-& 2ff 444 4444 ss^im^i^^i. 444 ^4 4444 

44^414 4°J44 444a, S444 444^4 44^414 4^44. 

a, 44^414 444*151, ££^-444.^444 4S4 ^7Hs 444^9 as^I (44^4^44 S-e) 
34| 44 3444 44^), 4^44 44 444 44 44-2-54 444 4 $14. 444 431^ £S4 
444^44* 444^r 44, ^§445, 3 5, sl^ a£^444^W44 ^4, ^454£ ^ 3=34as 
*q 4444s. ^ $14. 444, 44*84244^, 44 ^4 ^ 4-§-4?i4 %%%<n 45E457} 4344 
. a, 44^14244^, 2f^-444 ^ 44-i 44 444:4.3.44 #34^ 44 44^-1^ tiPKil-i: 6 !, 44^ 
4°H 44^ ^°fl4^ 4^l^)s iWfe ^)4A5.4 44H#4 ^ $14. 

4714 4°1 4^4 4^-1 ^^24 44 4°l^fe, 4^1 ^^14 447Hs, 4:£(Ee)="3W"-cm- 2 °14 

lOW-cm" 2 ^1451 HlH^ H#^^l 444i44 ^ a]l*l£ ^4°fl£ 31SL#^l3. #^r*b ^44^: 7> 

4fe 444 6 1-S-H1- ^ $14. 

4^Efl2i Af-g-si^ 4f 4^44 °lHfl-4^-4^-7> i a^ ^43l(YAG^l ^4^1)^ 44^^14 447> 
t\s. 7>^^s* 7}t-1e£, 4, 4 4 44°11 7j-44. se, 4a1^e(|2^ ^lsf-^nl ^-71-^^ ^4^m, S5A21 -a 

44 4°1 ^7l ^SlE^sl 3131- 450nm- ! fei 4^4 =r $12-, 44^4^21 44 £5B^1 -^oHa-14 

4^1 5i0nm 4ei 4^4 4 $1^4 44 i^lM 700nm4*l 4$ #<Hi-£4 W-S.H4711 4# 4 $14. °1 
o ] ^ ! ^Ajj^ ^ JJ14. a, ^A]^Efl24 4^ ft^^ oi Hf-'iH^l^HM ^4^1^, 

44 ^5fllH^i2l J£|3» £5A^ ^44 4°1 450nm YtiS ^ ^ $jjl, i^e^ o} ^ sj 3 | £5B5l ^ 
44 4°1 600nm ^Sls. -i^4 4 $l°-4 44 i4S^* 750nm4*l ^ ^ #°1#£4 JiS.^47ll 4 4 $14. 
°14°I1 3l«fl, ^4711 44°1 7>^sfl44. 

7>^^s-I- 7}4 YAGTil ^^-314 4 Aisi ^Jji-i- Gas ^144 C >11 44 44 444 444^- AS 4=ss) 
a., a Y^l ^4* Gd 4/£^ Las ^144°tl 44 44444 4444 as 4^S44. AI4 GaS^i ^14 
4, 44 a44 44 444 3L$n*\ Ga : Al = 1 : 1 ^114 4 : 6 4 4^-3144. p}47Ms, Y^l <a^-# Gd 4/a 
LaS ^144^r 3J4, Y : Gd ^/afe La = 9 : 1 i4 1 : 94^, ^4 44^4/11^ Y : Gd ^/^^ La = 4 ■: 1 <=fl 

2 : 3 44. 444 2* 444 ^4°!fe ^4^44 ^4^44 #4^4. S£, 64 44°114^ ^^i^^-4 
^44x14 ^i7> ^33^1 4444. 

444 iS44 1 -1l4i^43lTr ) Y, Gd, Ce, La, Al, Sm ^ Ga4 4ss 44¥, J7^4 ^Tll 44#4 
sji, 44#^- 444a, aft 444^^^ ^4«D4 ^^4. SEfe, Y, Gd, Ce, La, Sm^ «1S4 

444^r4i 44 4°11 4«fl^l4 4«H°^4 44°fl4 ^444 ^4 i^«fl4 ^4 ^44#4, 4444 
44, 444^4 *444 *44s.« ^^4. 44^1 ^^^(flux)s4 #442-4 44 ^4 *4*4 ^4 $4 
314 £7Hi 4a, 44^ 1350-I450°c 4£44°114 2-544 i4«H4 ^4#4 -§4 44, ^4#4 4444 
44(ball mill)sil4 41=8, 44, 45t, 444AS ^s ^4 444 4 $14. 

^44^424 $144, ^44 4§ 2f^ 444 44^s %444 4^4-444 4-74j?7ll ^4^m, *4^fl 
4 444 45. $la, 44 4^4^s upK^i-^ aj^)3)4 a>^-4 ^£ 514. 2*4 444 ^4411- ^4^14 
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A>44 ^4, *W 44441 3^ Afl^^s. igA^ ^ oj^ 2 44 ol^j 4^3 AS flpM 

^ o-o,]^ igsj.^ Aflol % ^^^ofl 43^4 § 4 44. ^ *I44« 44 4H3AS tfpl44 

4-8-* ^4, LED i44 7>44 4°)1 44 ±L4 ^5x1-^-^^1 14=44471 444^, LED°1]4 4 

<H4 4°ll ^S4 4444°114 *44447l 34 W4« «H*14fe 3H 44^44. <>l3H] fijaJI it^AS 
44 4 4444 4 $14. 

^-ol ^Al^Efl25l 44 4°lA^tr, ^444^4 a&4o] 4 = 244 o]^-2] OlE^-.M-Sp^.^^^ 

^ 4*11* $14. 444, €*Kr 4444 4444 4 ^ 44 40io.cs. ^ $4. a 

, 444^ 4-^1 44 444 £6i £44 Aflc A ^o]]a^ b^<^1 <>l=fe 44i 4*14 3 

4-, 24H 4# 2ff oj ^ °lS4-4444-7l4!4 ^44^1 4S^(C* 4 D3)4 £6^1 A4 B4 £ D4 
As t-al44 44^H il^r tf-^f 4444 ^ ojcf. 44^2*114^ led ^4, ^4314*111- it* 

4434, 4S^^7> 44 A^BflS 33 ^4 ^ E 014. 

<44i> 
(£44*1) 

444^ £44*H tflsfl -S^^4. rr 10 ^ a^^o)] 4= S4^]51 3^4 44S0I4. 

47] £44*1^, £10i44 44 LED £471(601)4, E.eMa1S|£(602) f 44^H 3 4 ^44(603) ^ 7)12^1 
444 (tone control means)(604)l- 4«14 443lS(610)S 44444- 

444, LED £4 71(601)^, JE1H44 44, £1 3^ 5L2i £.44 tfjxij^ ^ 4<>l.fi.:E.(501)7l- 44(504) 
4 pflS^i^HflS Bfl^H]JL, ^-g- LED £44*1 j=L A>-g-^4. ^714, ^Al(504)°im 444*11 (505)7} <a3l4S 

4^4 $14 

4^3S(6104r, S10<H144 44 £4*11441. oJa^as 444tt 3WH^7l^4(RAM)(60 

3)4, RAM(603H4 $6\x& EflolE)*]] 44 LED £44 (601)21 44<q ^ 4^1 i.Ef i^a] 4-7IS ^4?l7l 
$4 ^12:4^1- 4444 #^4fe 3l2:*i| 4 44(604)4, t)12;44^4(604)o|14 4J:i 51*11 ^4^=1 

o] tj-ol^s.* ^^Al?!^ = bH wl (602)1- ?wl*4. ^l2:^HS|5.(604)fe, RAM(603)i 7}<*s\±= q}e>]H\^ 
^#sfl4 LED i47l(60l)5l t4 4°l^.s ^-^44^- ^4*114 ^^^l^l^- ^i45:# LED S47l(60l)a #^ 
*4. 4714 44 ^4 ^ai'^hi led SAi 7 K60ife ^3is.i4 li 4^1 44 3t4 

^ll^^^l tfl-g-^ 44s- sa1§ ^ sIjl, 4^-4 4£ ^l^^l $14. 

^, RGB ^1 37}*i 44 4°1 4-8-^114 i4* 4^ led S47lfe, RGB 4 44 4°1^^ 44 
#§14; s4«flAi xa14^ ^^7} 51 oi 4 44 401 o_H2l 44 4H, ^£ 4^ 44 ^^44 4 44 4°l-£-S» 
^1H44 tns, 47l led iAi7l4 4^4^ 4*51^71- 444^1^ S-^l^°l $144. ^4, ^44^ ^ &44 
^Ha^, led SAi 71(601)7}, RGB -21 344^1 44 4°]^7} 44 444^°11 4& ^4?ll 44°1 7>-^4 44 
4°l^(50l)4 a>44a-i ^jsqs-s, 44sl^-7> rgb^I 4 44 4^1 i£| 4°14 4^7> ^<H, 4 

4^1^51 ^s}^ if 4 $li, £444.1 4^«>7)1 4 4 $14. 

a, RGB-&1 37>4 44 4°l-2-^4 °144^1 s.*}^ 4^ led £47l^, 144:44, RGB^l 37114 44 
4°l-2-^l- 2444 BJ 4^ £AiAi7l7l 4«fl^ife 371)51 4 44 4°l-2-^» 44 ^^1^4 44^714 4 
^4^4 i4«9^°l 71*151, jz^ 44711 £a1a1^ ^ OJOJ4 ^4, aAi^i^ 4= led £4 

7lfe, I7i]^4 44 4°l-$-^s «H S a14 4 4— — s., iL4 3.^44tI1 «144# 4 $14. ^44 37^ 4 
4 4°1^^4 j£Ai4^ led i47l^, ii^ 44^14 4£°H 44 RGB^l 44 <^147>7> 4 

4^1 As 44^ °\ aaI Afloi 7^471- 51*14, 444^ LED 5^7)^4^ zl^ &4 

°144 4°1 444^^1 4-^ 44711 44°1 7>44 44 4°1Ah.i- led ^a| 7 11- 4«14 ±4 4^1^ 
S4 ji*j447l- 71-443., 4^4 ^^7)1 s47> 7 r ^4^, ^1^44 4° s 4 44^r 4^°1 $14. hl, 444^ i 
4a 1311x4 S a17> 7>44 LED £47lfe, 4451 4444 d 144 LED £47)61) h)b!) A>4i5l feofl tj)^- 4^ 
o) ^o) 4Ai4A}-g-o)i ^444. 

(^44^51 44 401 ah 4 a>4*> 4s i£Ai4^6| ^)) 

444^^1 44 4o)as« a>44as4, £12<H1a)4 40], rgb^ 37>4 44 4°lAni £-44^ 44 4 
flAH.1- ^7}4 ^4 *fe LED £4711- 444 4 $14. nejjl, °1 LED 5.^714 ±^s\ ^$3.% $ 
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44°-S3 337 r 33 44-1: 5*14 ^ ofe 5*143* ^ 014 a^ 7 ) ^=L^( 

monochrome) 5*1433 i"}t7M£, 333^ 5*1313 3 1- 333A3 334^ 443 3 3 3 3 44(RAM)4, 
RAM3 3<*4 3333 44 4 44 43£^« 4i33 «MS ^333 34 3^4x1 3.44^ 3^333 

3.3, 7^13333 #aAij:oi| tfjgfl i^^sjo] 4 ^ 4c.j_2_H.l- 34*13^ ^4331 ^144. 4 =?■ 
4334 RGB 3 3333 444^ 4 44 43-££l 44 3344 443 331 iAs. 44. 3^3333 
fe, RAM3 3 33fe C-1H33 443 44 43£^3 3-^*144 4433 ^434 i^Jit #344. 33 
4, ^33 5*14 4fe ^-f ''life, RGB 4 44 43^* «^4:£3 4^44 ^3, £4 4^4^3 

3^44 43, 4*1 1^4^«- #343 &3 44- 44, ^34 Ji44£4 (4, 4^4J:3 €^44 43, 
SL^r €^4^3 3 4t11, £^ 43 €^43:1 #343 444 Ji44£4) 333 44 43£^3 
4^4:^1 ^444. 333 ^1 41 LED 5333 5*144. 

34 43, RGB 44 43 £^3 33 44 43 £^1 Mt^s*!, 3^p#3 4 344 44 3344. 3* 
711 71144 4£3 3333 ia43 «-434 ^4 334 7HH 421-0] 4414. 

4714 43 7)144 44^41, 4£44 44711 44^-32.3 343 3^-3^33 43434 44^43 
4 444 44H-21H £ 33-3^1 44 aj^oi 30^,4 ^-44 o.-g-sM 4334333, 3^433 44 43 
l£f 7H4t4. 

44, ££-¥-3 34^ 434 Y, Gd, Ce3 3£44il i^sl 444^33 43 4334 4434 443 
3 ^-333:n 3414 44133 3^ ^414414, 4444344 *44^, 3 *44s3 53^3*1 1:4 0 J: 
4-344 *433 £433 \#33, ^71^ 1400 1 3 4£33 3714 ^34 =l ^3#4 44(ball mill)* ol 
4*114 43£34:a, 33, £3, 4s, "M«Hs *Hs 34 3434. ^ 44, as^lifl^^fe, Y7> Gd 

S°-|2t^£ 344 «lSf- 4^34441-33 (Yq. 8 Gd 0 . 2 ) s Al 5 0 12 : Ce7> *§43&4. £, Ce3 344 0. 

034S1T4. 

4714 43 71144 (Y 0 . 8 Gd 0 . 2 ), Al s 0 12 : Ce ^143 80^4^4 °11^143 lOOf 1 ^* 4 €4^1^ $q 
33. 41-3., pi ^eieii- 4^47} *^4 44s-sl^ ^<41 0 11 l30°C5l 1*14 ¥4 ^§4*1 

S4. °1^7ll «fl A] 44^4 -5H "^1 120^ a£^.n|ifl4iis^7> 444 3^4* ^^t4. 44*lili*l 
fe, s^4°H sa°Hfe, 44^4 4^s. i£^.i3ivii4^^7l- Ai*i«l ^is)^ 4^514. £4 4£fe 4 
3.5W/cnM4. 44i7>4 as-f-nitii^^^i^. si^-4^, 4^ g 44 f-^s.^ lit 3-3 «ls *s 
47fls.*1 i^-*1^3* ^^M4. ^34, «^^4, i441 ^« VB<fl, 2l^-=e11°di 4^3^ ss.^411 
4i*§43l» a^^-s l-e!44 44^7>» #<%m, .i^*l-r31- ^4 ^, l50t«llAi 5*14 % 
4*1 ?l 4 114314. 

°14t!1 ^44 44 4 6 U^fe, 44 44 ^4i*l 4 ££4^4114^^4^13 iL344°ll 34 ^447} 

4Ajj^. n.£a. ^-Aflsjol J!^^ 

3*711 ^144 «1^7ll4 4471-44 44 43^3 ^4£, ■3^^ 34* 4^4 ^4, 44 ^-£^4 

(x="0".302, y="0".280), 8080K, <&q% 34(Ra)="87".55. 444^ ^443 444 ^44 4444. 

^41:44 9.5 lm(lumen)/wS. ««4 ^^-4 3444. 343, 4i 25°C 60mA -1-4, 4£ 25"C 20mA *4, 

4sl 60°c 90%RH 433 20mA -f-43 4 4^*1^33^ ^4^13 3*14^ ^47 r 4433 ^ ^43^ S J 
344 43^4 4^433 434 4^14 4 444. 

(3s3D 

SS^-334^3434 (Y 0 . 8 Gd 0 . 2 ) 3 Al 5 0 12 : Ce ^4333 (ZnCd)S : Cu, Al 3. 4 3 334 43314 

434 43^-3 44 43^4 ^3fc 4^*1^4 4*134. ^34 44 43^-^ 44 34, 43314 4 
47>33 333 443 433434, 35^444. a, 4^*1^33^ 4 100*1433 #33 3£7f 344. 
14434 334 44, ^437> 4433 $144 

334, 44^43 4444 ^433 4433 44 4^- 344333 434 443 33 44333 
^43433.43 433^3 43443 3#33 343 44^3 434 3^3 3444. -4£ 25°C 20mA 1- 
4, 4-£ 60°C 90%RH 433 20mA 443 43*14441: 4*HU3 444 43 £133 £344. 3-£b ^3 
44 443 4331 4434. £133 $134, 443 4*1313^ 343 3^314 4444. 
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(4aH2) 

^H2^| 44 4°lAH±r, 44^14 ^^-#^|^-^-#«t£^5] In 444* 44*11131 44^4114 ^7M^ 
4 44^4^1 sjfii. 460nmAS S£4444i^44^ Gd 4444 44ili±4 ^34 (Y 0 . 6 Gd 0 . 4 

3 Al 5 0 12 :Ce£S5 *H^r 44^14 #44 44 4<>1A-S ^14514. 

4714 ^©1 ^ iq.oliLE.fe, 4|^^H* 444 4 jfljz, ZL , 444 444 44M4. 44 

, ^£^(x="0".375, y="0".370), 4400K, 444 4^(Ra)="86".0°144. 

A18A, -£18B 4 -£18Ci 44 4aH2^ iS^H^^I^ 44^4 4 44 4°lASi>l zv idjE 
^4 4444- 

a, M^H2^| 44 4°1ah# I007fl *11444, i7l 4^1 ifl4 ioooa14 4444 *5i 45.1- ^43!4. 

=L 44, ^4(4^4^)^ 3j-r: # 100%^ tj^ ^-f, 100044 ^4^ =J 43 AS 98.8%S 4 

4i 4^14 4<J14 4= 444. 

€*H33 444°lAHfe, iS-f-Plifl^^^S. Y, Gd, Ce£] SlS-f^i^l Sm^ c| 4444 444 (Y 0 . 39 
Gd 0 . 57 Ce 0 . 03 Sm 0 . 01 ) 3 Al s 0 12 : Ce ^ *§4« ^144 S ^Hfe 4aHU4 #44 44314. °1 

44^134 44 4 d l-£A# 1007H 4444, l30t *?41^ 47}4 44, 4^HU^ 44 4 0 lAJEii «i«fl 
4£44°1 8%^3£ 4^314. 
(4aH14) 

4aHU4 led XAi7lfe, 44<>))14 4# 4°1A^7K £1H44 4°1 4^3144 *§44 444714 4°H 16 

X16 ^^^4^ SfltSjol ^^4. ^AH14«1 LED i^l7H14fe, 44 4°]AH7> 444 44^, a)l^r4 

s 01^43. 444^(505)7> <£z\]3. -f Aj^ AflAi(504) 4 J f4 4*13:n, 44 4°]A^2i 444* 444 44, 
44 4°! As., 44 % 444^ ^zi4.B^ 44 44* 4el^-?-(506)7> ^444. se, 714 

4 44 4 6 lAA4sl 344 7m^444*ll- *l-g-44 4^4. 

4714 4°1 ^1 44 led aAi7i», a4 cfloiBii- ^ai^as 4^*}fe ram, rmH 7i^£]fe 4)oi^ 

♦ ^#44 44 4 d lAAS i^^i 47ls ^^47l7l 44 ^1^43:1- £44^ 4a*H3ls., 42*)H3ls4 
#§!4£s ^434^ 44 4°1Aa-» ^^Ai7lfe a4<>141- 4*14 4# 44i ^14 4#4AiM 5p«l LED 
iea14^s A>-g-^ ^ oj 44554. 

(4^1 i 5) 

4aH5^1 444 6 1-^^, i£^°lM14i^44s 44^! (Y 0 . 2 Gd 0 . 8 ) 3 Al 5 0 12 : Ce S S4£lfe ^^i 
4 444 4 ^H^r 4^1il4 ^^4 4^ as. ^11414. 44^5^1 44 4°1A^# I007fl ^1444 a^ ^4 
4444. 

n 44, (4*^1)4 (x="0".450, y ="0".420)A5L, 444^ 44 444 ^ Si 44. 

S.19A, £19B 4 A19Ci 44 €4°fl53] SS4 13 144i^4^, 44^)- 4 ^4 4 0 lAn^ 4 44 
514 4444. 

se, 44i5^ 44 4 d lA^Lfe, 4aHU^] 44 4°1Ah.oii hi^ ^e 7 1- 4 40% 4°i444, °fl4^ 4 

4^14 447}4 s 444 44444. 

(4aH16) 

4aH6s] 44 4°lA^fe, i£4^4il4i^ 4^fls 44^ Y 3 Al 5 0 12 : CeS 54^l^r ^4^11- 444 5} 
4°^ 44ii4 4 o a4 4^as 4444. °] 44^]64 44 4 0 1Ah» 100711 4444 a& 4 a M 44S54. 

^ 44, 4aHH *W 44 44^4 4 44 444 444. 

£20A, £20B, £20C°ll 44 44^64 44=^^4^11, 444ia>, ^ ^4 401 4 44 ^4H^ 

4 4444. 
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3E, 444°l-e-5i^r ■r T 8*lH< i IHfe 44°lll4 4Mt|£ -*Mr4 vfl^- ^4 44^$>}4. 

(44^7) 

^H7^1 44 4 <5 UHfe, jL&f^H^II^MIS. Y 3 (Alas Ga as ) 5 0 12 :Ce£ £43^ 

1- 444 S ^Hfe 44°)U4 ^-<fi4 4^AS ^4*4- 44^7^ 44 4°liH.lr 1007fl *fl4314 444 

mm. 

=l 2J4, €*H7^ 4444AEife, SlJEfe 443444 4^4 «H 44 444 4 XlJi, 4^41H4^ 
4*1 d)|i4 4444s 4^r4 WS* 44^534. 

5.21 A, 521B, 521C°ll 44 44i75] lEfn] ifl4^44|, 44:£4, ^ 44 44-2.^4 4 44 i^S^ 
4 4444. 
(44 i 8) 

44 "W 4444-2-^, SS-Sf-nH^H 4*flS <g4^ Gd 3 (Al 0 .5 Ga 0 . 5 ) „ 0 12 :CeS X44c Yl S 

444 44 ^ 4*111 4-8-4 4 4°llfe 44ii4 4-^ ^14M4. 44 C, 1184 44 4°1^# lOO/fl ^14 

314 5^444 44^4. 

zl ^4, 44i84 44445^, ?)5^r 444444, 4^4^°H4^ 44^U4 447>4s 444 tfl^ 
4 44^4. 

(44 i 9) 

44 ■W 44 44 57°H 544 ^4 7>x|^ jg^^ fj-4-a] 44 4*144. 

44£4s 44 s| 37} 450nm4 In 0 . 05 Ga 0 . 95 N 45« 44514. 44£4fe, *l 4 4 £ 444 4 4 4 4 
ofl TMG(S.bH 444)4=4 TMI(S.elil < ?ll-)7l-i > ^7}^ ^ £4S7>il- 5U e) 4 7}^4 4*1] MOCV 

as ^44f-^144«-4£.sil« ^43)4 54S7bts4 siH 4 4 Cp 2 Mg* 44^ Si 431 

54 A 34 4^1^ €44445314 P^54 A 34 7>4fe €44445311 ^4314 PNP§44 *§-^S&4. 45314 
fMSr, N*§5444 7Wfe €4444531^ ^s?4, 5444 44fe €4444-^4 44531*1 l-sfl 
^4, 54^4 4*m €441-44444531*1 #2fl5#, P^ 54^4 7Mfe €4444531 °J ^«}#4 
^4 IS 4. 54^4 7Wfe 4efl^#4 PH 54^4 7M^ 45(1^4 44 i 443Hls^44 s)^ Zn 55. I 
nGaN^l 44 f4- qj-sa 4. 4444 4 4 4i 4£as €44445311 ^44^. 44#AS 44S14. P^ 
€44453144 444 400°C 444 3-4i^i <>l^sH Si4. 

4 45^1144 ^44 4, PN 4 45^11^44 t# A l?l 4, ^^Bj^ as 4 444 44 ^4-2., °1 
^1144 45*1] 3Mb|«- i34°l « 4<?14 ^ ^, ^^4 4414 444^^^! 44^4^1 44^44 

^5^-4 4el^l el^5ll 0 d^ 44i ^4 4^]fe 4^s-5]ni 44^41- °H444^1s. 4°14^M4. 44 
i4°l 4 4^4 p^S-E-eiH. 44 30/amtl ^4 As 4°H4^4 47l^ «ls. 544 S4 

tH^f^, itl ^4 ^i 44^47> hH*14 51^511^4 4^4^ 44^ i444^1# 4114 4, I50t: 
i-M 5^4 ^44?14 ^31 444°1^1- ^ A ^1^4. 444°1^1- 4 i a c >l 54 4a4^ 5 
44^1 -a44i ^144^4. 4344^1 «la4 ^ 444 »Jl^4447fls4 e] 44444 4^1^ 4^1 

44, isfpN^i^Wr, 4^31 4 ^l^Tili- 44 4iis 4fe Y, Gd, Ce, La^l s]£4«il- 444^1 
s 4i 4^14 4 431°J14 44°l4i ^4 S4. °134 4i^«fl4 ^4 4^44#4, 444^14, 44444 4 
4314 4445,1- 44 £^4. <^7H H§]iSA} 444^^1^ xfsfl^ 57M°ll 4^-, ^44 1400 °c 45«3 
344 i^314 i^44 ^^4. i^44 44 44°114 44(baii miii)3l4 -*114 4^1, 4s, 444AS 
^s. *14 S4H4- 

4714 4^1 ^1144 U44 Y 3 (Al 0 . 6 Ga 0 . 4 ) 5 0 12 : CeS S4^^ 4^/fl7> 44444 ^11^4^1 120^44 
4, 4°J4 Mas *1144 ^4^1 (Y 0 . 4 Gd 0 . 6 ) 3 Ai 5 0 12 : Ce s £4^fe ^^?fl4 447>44 ^12^4*11 10 

04441- °114444 1004444 4 44314 4&Ms 44s, 4 #s|e]l ^] 0.5mm^l 4314 4i 4^1 



17 of 28 



?7fl^~4 ^2003-0097577 

3^9 44*fl4 Sf-SMI £1, 4.2:44 4 30^4 4444 4^4 i]#444 H45I4. S^f* ^4 
44 ^.4444 ^.o. H7]s ^44 4H] «H4«Rr ?H 44, sj4^ 44441- 4|4^4. 444 2 

4 4|44 44444 43^, <gxn^ ^ 4;&4^ ( x ="0".29, y="0".34)4^., 444 4^(Ra)^ 

92.0ILS 444^8 ^444 7W£ 4^4 44^4. SE, <£^3L-§-£: 12 lm(lumen)/wS «H 444 4*44. 4 
44, 4£4 4^ °_S44 44 60mA 44, 4£ 20mA 60°C 90%RH *H4 20mA f-44 4 4^44^ 
44 £4fe 4444 ^44. 

(45142) 

44494 <S44 Y 3 (Al aa Ga 0 . 4 ) s 0 12 : Ce 3. &44^ 443l7> 447>44 ;^44, 4 ojiJHI (Y 0 . 4 G 
0 . 6 ) a Al 5 0 12 : Ce S S44^ ^^^| 7 f 447]-Tf4 ^2^ ^3flS 4444^ ±£4444^44 44, 44 
4444 4£4(perylene-derivatives)4 44 44^ 44£-(4 ^4 4 (SINL0IHD444 FA-00D4 4 444 H 

44s(4s44444 FA-005)lr 4*43- ^f^a £4 ^44 4 4°)lxr 44494 4<S4 44 4 

4-2-^4 44f a. 44494 444 44-4444 44«4. *)144 alkali 1 3 4444.^4 4^4 (x="0".3 

4, y="0".35)44. 4£4 4^ AS, 44 4344 4"4444 200hrS 4444 1444 44 ^t}7]} 44 X\# 

i 4€- sis 444 ^ 4^1 44M4. a, 444 4^as4 44^4* 44444 70°c4 44 £:e°I144 4 
44 4^ 44 fl£ g 42:1 44314. -=t 141: 444194 44 £14 g £154 44 £444. £14, £1544 
4 * 4*4, 2-€- 4^44 4449^ «l^i2Ji4 44^1- 34. 

(44410) 

444104 44 44A:£b 51^4^4 44 cfo] o_coiq.. 

44 4104 44 44£^44 ; 4 44 494 1"44 4H AS ^144; 450nm4 In 0 05 Ga 0 95 N4 44^4 7> 

4fe 44^41 44U4. 4£44 444 4£s-4£4 444 341 44^4* dfl^^a 444^ 
4^1, 44^4-4 4 444 % 44-4^1- 44 ^Jas 4°l°1^«fl4 47l3^s £#4^4. 

44, Wl^tiil^fe, -344 Y 3 (Al a5 Ga 0 . 6 ) 5 0 12 : Ce a i44^ 4^^14 447^4 >ni-*8 

4^1)4, o a43 (Y M Gd 0 .3 ) a Ai 5 0 12 :CeS. £43^ ^^i41^V 447>^4 ^12^4^1* 44 4^-4 4 6 1 ^1 
4«fl4 £4*114 °14«4. 4, 4^-4 Y, Gd, Ce^l S|M^-4iil- 444^hhi 44 a_hi ^-^ai^j -g-sii^^ 
i4 ^434314. °1^J4 i^^4 44 ^^44*4, 444-t^I-h-, 444#* £444 £44^1: 44 4^4. 
<^7Hl s^iSAi 1:44^^1 K-i- £4*114 £7H^l ^ji, ^7l^ i400°csl 4£°114 344^*fl4 44 £4 
*4 ^44. ^4^4 44^14 44(baii mill)*ll4 4^1, 4^, 444AS 4s ^4 i^^l <3*Ke* 44 
^ ^l, ^12^4^1* 44314. 

4714 4°1 ^144 ^11^4^11 4 ^12^4^1 44 40^^S ^R444 I00^44i £444 ^]*\^ 4€ 
°1 44ell- 44^44 ufl^l4 44s-el^ #4 ^iJH ^°d^4. ^°«'£, ^^4 ss^lMl^^^* 4 
44fe t"4# I30°ci4 144 44 344S4. °1%?1I 44 44 ^4 4i 4^1 I20p4 ss^444^44 
7} s^^fl* ^4514. 44 5i*|JjMfe tfi41 7>4444 iE^4M14^4^14 4°1 444 « 
^^44. =!■$■, 444i44 ±£^4114^^4^114 44 4^1, 44 4 44 ^^<LS. 
^-Jf >fls.4 444 i4444» ^4^4. 4-4^^r, ^» 4^1 iS44^14i^4^14 3.^^-7} % 
44 4^5ll 0 J4 4°« 1 4i ^44 444^4* £^4 £, I50r<>)14 544 ¥-4 ^4444 ^^M4. °lf A 
71144 44^1104 44 44£^, 44 44 ^4°H4 4 ^ i£44 4 4i^ 4^1 4 ii444°ll 4«fl 4447> 
W^EfW-l $144. 

444 44 ^1144 44°lli04 44 4°li=-4 ^£^, 4££, 444 441- 444 44, 45^4 (x="0".3 

2, y="0".34)431, 44 A ^ 44(Ra)="89".0, 44^.44 10 lm(lumen)/wS4. ^-4^. 4^4 44^-^44 44 60 
mA ^4, 44 20mA 141, 60°C 90%RH 444 20mA * 44 4 4^°H4i ±£^-4 1 - J ll4^^44 0 ll 44 44 

7} 4444 44 4444 44 44^4 ^44^1 44?> §i44 444 4 444. 
(€4 ill) 

led ^43-4 44 4a.7> 470nm?l in 0 . 4 Ga 0 . 6 N 4£44 44M4. 44^7}^, 444?j 444444 4 
A TMG(^4414f-)7>A, TMKS44441-)7l- ; i, 447}^ 4 £4S7>^1 MM 0 ! 4^4- 4^1 44^, MOCV 



18 of 28 



^7fl!^ 42003-0097577 



444&7fl44#4:£*IH- ^4«M ^IM". £«S7}iS SiH 4 4 Cp 2 Mg» 44^ 4<^ ^sfl 5L 
4*34 7Mfe 44444£*II4 P^i^M 7Mfe ^^f-*3£^|* P1NR144 LED i^S 

fe, ^£4*34 7H^ ^^f-^i^^l ^«!4, JE^-fr 7>4^r ^441-4^1 44:£*ll4 #^4, 

£444 7>4tt 444#4£*114 &^44 ^14334. H^-fr 7M^r 5444 51444 7H^ 

4 4°H 4^1 ^ 3nm4 4£H InGaNSl 4444 4^4*42^ 4S44. 44°l°l7l4 4^ 

*] fAS 4 4444^1 * 51 4AS4 $ ^ M4. 

444 Q6\ 4 44 ^, of|^ PN TV ^JE^i^-fr i^AlTj S^igAS p4 ^ 4 44 

-8: ^1*7)1 ^14^ 4^4 3H^fir SEl4 0 l-!i448: ^4 434 7M41 44*1 ?1 44^4^4 4 

4^41- ^44. 

47] 44£4« ^£44 4^1 Til 4£-s-4^ 3°)] i^l^l* 6 14«M 4 6 14^5!4. 44^4^1 4 44 
4 4^rS-e)^i ^ 444 a* 44 ^^l 30^4 -^4 as 4 c> H4 T 3i3fl*l #7H As. £f-*144. 

#S--¥-7fl^, ±4^ HI- 4i 44^47} «l]44 e)H.H^^# 4^4^ 44*3 i4*14*l» 4 0 J4 4, 150°C 
°H*1 5*14 44 ^4*14*1 ^t11444< : >1Ael-i- ^H4. 3M?H 4444 AH«- 4^4 ^ 444 431^ 
£t«£] <a44°ll ^4*144. 4at44 ^4 4 444 ^ 444*1) s*l ^44444 4ai^l 4^1^ 4 
41 44*M 5! as. ia4^ U ^4*1?H 4 iHs *g4$4. 

44 ££44 Ml 4*^1 441 4, ^44 (Yog Gd 0 . 2 ) 3 Al 5 0 12 : Ce S JL*W3L 44444 3HI?fl4 

44444 ^§4414, <S4^I (Y 0 . 4 Gd 0 . a ) 3 Ai 5 0 12 : CeS a4s)3L til 32^ 44444 444W 
^441* 444 44 7114*114 44314 014^4. o]§ ^4^, 44 Y, Gd, Ce4 s|5M?-4£» 444 
^al oil 44 4^1 4«fi*m *qq$ ^4414 434 £4*141 ^44#4, 444 j F4 : h-, 44 

44* £431*1 £4€£-« 44 £fe4. 4441 h^s*1 44444^4 £431*1 A7>441 ^i, 471^ uoo 
T:4 4£41*1 3*14 i^ff ^Xt4. £^#4 44 l-m(bail miiD^A) 44, £4 4s, 4x1 

4 as *\*) ^S£4. 

4714 ^144 wis*! 444^ 4^7)1 ^4^1 100^444 4444^1 4^^1 ^4^11 100^44 
♦ 4h1 4^1 1000^444 4 *4«(1^ 4#-^44 ^7il 180^ 4^44 7fls a>44^ ^4^)4^. 
4. ^4^1144 £44^1 4A4444 4-8: H7ls 44«ll^ £444°fl *WHr ^Ji si«fl, 444^1* ^14514. 
4^711 21144 4AHiii 4€- 444^1^1 ^i^^ ^14« 4^4 14, (x="0".33, y="0".34)^l 

31, 4^^j 44(Ra)="88".04 4444. a, 44^4-^ 10 lm/wS4. 

5L22A, £22B, £22C<^1^ 44 4*HUH 44€ ^ (Y a8 Gd 0 . 2 ) 3 Al 5 0 12 : Ce S £4=)ir ^M, 4 ( 

0 . 4 Gd 0 . 6 ) 3 Ai 5 o 12 : Ces ^4^1, ^ 44^4^1 4 44 ^4^^4 4444. a, £23°ll^r 4*HUl 

ai 44 4oi^Hi3l 44 ^4^^4 44^4. ^14 0 1, 4^ 60mA 1^4, 4* 20mA 60 

°c 90%RH 4^41 20mA *4^l 4 a1^<*IM3£ ^4^s <?14 ^4fe 44^^l 444. 447>4s, °] ^4^ll^ 4 
444 ^1^7Ms 44*l?lfe 3*fl 44^4s4b1s] 44^1 ^^n)43£. 44^ 4^^4 4^414 4 S14 

(4AH112) 

4*1412^ 44 4°lA5Lfe i£if- B 41l4i^4^S.Ai -34^1 y 3 In 5 0 12 : CeS S.^^ Al4 3.44^1 4 

4 444^ ^ siife 4aHU4 ^4 4^as 44 4°1AH1- ioo^H ^14^4. ^H9^| 44 4^1 

A5^r 4^14 4^*11°)!^ 4*HU4 44?V4s 444 ^4^4 44^1^4. 

°14 €^4 44 4°1, 44^^11 4^- 44 4°1 44fe ^4 7>4fe 44 444 4 Xl^, 4*14 
A}4°l4i5L 44Jl4^1 447f ^A^, ^4*^1 ^°144. 44*1, ^4^4 444 4 °11 4^=1^1 Ji4sl^ 0 l 
A4^1fe 4*4 4^4-^4, 44^1^1 4^i*14 ^ ^4£S4 i^s^ 4 4^H41^1 S*14 ^as 
*i 4si 4£« 7H4« 4 $14. 

3'4^/ 

^44 1 
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3<q3-& ^t}^ 44^44, 

#71 44^4s ^44^#7i ttixn °\7>\d) Tg.^ ^4^ ■a-?-* 444^ 444 444^ 4# 

44^1 ^ 444^ ^14« Ifsfe a^JM* 4«14:a, . 

#71 H#*fl3 Aj i4 4 Aj H 3L #7l a^J^lfe 4444 lffA£«| £*(opaJ)^-g: ^7\] 5)^ ^4 
4^ 444^1. 

^44 2 

^44 444^ tti44, 

#71 44^H1 3«H 44£ ^4 4^ <y«s. 444 #^1 444^r 4^ 44^1 44 444^ % 

4^4 ^44^ ^4*114, 

#7l s^tH ^43^ #7l 44^4* 1-514^ 4^4*114 4^14^, 

#71 ^4^ ^44 %q*]5L #7] = 44t)]«; ^tfJ-AJiL^I iL4(opzl)^4 tr|7ll 4ir 34 

s 4^ 4444 

^44 3 

^12#^1 floH, 

*7l tH^l^r #7l 3*S444 ^t4^ *<£4 *14*ll« i444 ^^St^ 4444 

^2*i $H4 

4?1 #HJf 7.114 #71 SL^^Mfe ^g_*L #i-ol*]fe 4444 
344 5 

^Il2#i SH^, 

#7l l-H-« r 7flfe <H14*144 Ai-M g €2l^^lS 44=1^ nfia^ ^Wtt <ib*<H*lfe 3 
t^o S ^ 4444 

344 6 

^I2#i swt 

4?1 #3^7flir 34 ^^S^r 4444 

344 7 

74|l#S4r *ll244| £M4, 

#71 444^Rr 444 4£.*)Hr 7H^ #71 ^§44^ 1) Y, Lu, Sc, La, Ga SmlS 4^=1^ h4AS4e1 
4^4 *W je ^4, 2) Ai, Ga a in is ^^fe nf-o^-Bi 4^sfe 44^1 ^4» 4*14 
fe 7>^7il ^4*11 4^4 i44^r 34 4^- 4444 

*I]14 JEfe ^I24i $1*14 

#71 44^ E144 4f-, 44444, 4444*144 «144 #sieii5L 443^ 4^]£fe 
44^4 4444 
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